From an arc may be obtained a nearly pure spectrum of the electrodes, the spectrum of the surrounding atmosphere under certain conditions scarcely appearing at all. On the other hand, the light from a discharge tube ma}^give a pure spectrum of the atmosphere about the electrodes, but no spectrum of the electrodes themselves. Various kinds of arcs, sparks, and discharge tubes under various conditions may exhibit mixed spectra in all intermediate proportions.
may exhibit mixed spectra in all intermediate proportions.
Arc, spark, and low-pressure discharge are but particular cases of a general case in which a gas forms part of an electric circuit otherwise metallic.
It is the purpose of this paper to discuss the many conditions that may govern the preponderance of the spectrum of the electrodes over the spectrum of the intervening gas, select the predominant influences and then if possible to map out the conditions necessary for the production of a given pure spectrum with lines of a given character.
To obtain coordinate data over the wide range necessary to warrant general conclusions, the spectra of twenty-one different metals were photographed each under a uniform schedule of eighty -one different conditions.
The relative intensity of the spectrum of the electrodes depends primarily, of fourse, on the relative proportion of its vapor present in the part of the arc, spark, or discharge tube observed. We are « This paper is the third of a series of four on the general subject of the preponderance of one spectrum over another in a mixture of two spectra. The first of this series dealt with the conditions governing the relative intensities of the spectra of two mixed elementary gases under low-pressure discharge. ( November, 1904.) The fourth paper of the series is to be on the spectra of alloys.
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BULLETIN OF THE BUEEAU OF STANDARDS. [vol.1, no. 3. concerned first with the conditions governing the amount of electrode metal vaporized and then with the laws governing spectral preponderance in mixed gases, namely; (1) increasing the relative amount of a gas present in a mixture of conducting gases increases the relative intensity of its spectrum; (2) other things being equal, in a steady discharge the spectrum of that component of a mixture having greater atomic weight will be brighter;^( 3) in a disruptive or forced oscillator}^discharge the atomic weight effect is less.
When the internal oscillations are free (instead of being forced) as in the arrangement used by Ramsey, Lilienfeld, and others to obtain the spectrum of argon in that of ordinary air, perhaps a fourth law would be necessary. Konen (Beibl., 1904, p. 1000) has cited the case of mixtures containing oxygen as apparent exceptions to the atomicweight law (2) above. But oxygen, it must be remembered, has only a very faint (visible) anode glow. Hence to make a fair test of the law we must either take the original faintness of the anode glow into account, or else use the cathode-glow spectrum for comparisons. 1 have always done the latter. In explanation of the exceptional absence of luminosity in the oxygen anode column, I would suggest that there may be the usual amount of radiation in this case, but that it is chiefly in the infra-red region.
The anode column is known to be a region of frequent ionization and recombination,* hence we should expect it would be a region of great chemical changes as well. In oxygen, ozone would be rapidly formed and decomposed; hence the radiation from the anode column would consist largely of the strong infra-red ozone bands recently studied by Angstrom (2) there is a maximum drop at which the gas breaks down; (3) after the gas breaks down for a time the drop decreases as the current increases; (4) there is a minimum drop at which the drop is independent of the current, (5) As the critical capacity-about 0.01 mf at 760 mm * and wave length 450 }X}a-is passed, the gas spectrum passes over from secondary to primary, but the intensity of both relative to the metallic spectrum is the same. produced the same effect as simply adding a large capacity-say, 0.04 mf. The series spark has a great practical advantage over large capacity at low pressures-1 mm and less-in that it will break up a a glow discharge and give a strong metallic spectrum and secondary gas spectrum even at pressures so low that adding capacity has no effect whatever. of electrode vapor present depends upon current and electrode fall of potential, being" a surface effect proportional to the energy used in metal-gas conduction. This electrode fall is again a function of a nunaber of other variables. It is nearly proportional to the current, varies slightly with the pressure on the gas and the temperature of the electrodes.
The conditions necessar}^for obtaining a gas spectrum free from the spectrum of the electrodes used, or for obtaining the spectrum of a given metal as free as possible from the spectrum of the surrounding atmosphere, may then be mapped with some certainty.
The general case is considered, namely that of a column of gas forming part of an electric circuit that is otherwise metallic.
The conditions favoring a pure gas spectrum are (1) small current density at the electrodes, (2) substance of electrodes to be of some metal like aluminum, copper, or platinum showing small vaporization, (3) electrodes to be at a considerable distance apart and only the middle portions of the discharge are to be used. Gas density, capacity, inductance, series spark, and other conditions have but little effect, and hence may be adapted to other requirements. All three conditions above stated are realized in the Pliicker tube, the loss in luminosity caused by the use of small currents being compensated for by the central constriction.
In the ordinary arc or spark under the most favorable conditions, it is difficult to obtain a gas spectrum more than 80 per cent pure, whereas by decreasing the current and separating the electrodes, practically 100 per cent purity may easily be realized.
To obtain a pure electrode spectrum, we must have (1) large current density and (2) electrodes near together. Oxygen appears to be the most favorable gas to use with the majority of metals, probably on account of the greater cathode and anode fall of potential in this gas. 
